u-Since 1981, 12 patients with epidural spinal cord compression from metastatic carcinoma have been treated surgically by a modified costotransversectomy approach for anterolateral decompression. Before surgery, all patients had received dexamethasone, and had deteriorated neurologically despite radiation therapy, chemotherapy, or steroid therapy. Postoperatively, nine patients (75 %) improved neurologically and were ambulatory, two (17%) had no change in neurological status, and one patient was unchanged initially but deteriorated and died 8 weeks later. Anterolateral decompression by a modified costotransversectomy approach should be considered for management of ventrally located tumors or when posterior stabilization is considered a possible requirement following a proposed anterior decompression.
T
HE treatment of spinal epidural metastases is a topic involving great controversy and overall pessimism. At present, the therapeutic options in cases with impending spinal cord compression include either radiotherapy with high-dose dexamethasone or surgical decompression via laminectomy followed by radiation therapy. In large series, the results of these two courses of therapy either are similar s. 15, 23, 25 or suggest that radiotherapy alone should be the treatment of choice. 26"8~8 The major percentage of these tumors arise from the vertebral bodies and/or pedicles, and are, therefore, anterolateral in location. 2~ Many of these operative series were aimed only at posterior decompression, and did not deal with pathology anterior to the spinal cord.
We present a series of patients with spinal epidural metastases who underwent anterolateral decompression via a modified costotransversectomy approach. The operative technique and results are described.
Summary of Cases
Twelve patients underwent anterolateral decompression with ventral metastatic epidural spinal cord compression at our institution between 1980 and 1982. All operations were performed by one surgeon (A.S.R.).
The series includes seven males and five females, ranging in age between 16 months and 69 years. A summary of this series of patients is presented in Table 1 . Preoperatively, all patients received high-dose dexamethasone therapy, and nine patients received radiation therapy. The indications for surgical intervention included continued neurological deterioration despite radiotherapy in eight patients (including one patient with an unknown primary site), or tissue diagnosis in four patients with unknown primary sites and rapidly progressing neurological deficits.
Based on our protocol designed for patients suspected of having complete block on myelography, all patients were studied by myelography using a lateral C1-2 injection of metrizamide. Ten patients showed complete block on myelography. The two patients with incomplete block were studied with lumbar myelography to ascertain the lower level of the epidural compression. The levels of epidural spinal block were fairly evenly divided among our patients: four patients had an upper thoracic (T 1-4) block, five patients had a mid-thoracic (T5-8) block, and three patients had a lower thoracic (T9-12) block (Table 2 ). In addition, three patients were studied with computerized tomography (CT) scanning to further elucidate the nature of the epidural compression and the extent of bone destruction. erosion of rt T7-9 pedicles complete block, T-7 8 partial vertebral collapse. T-9 complete block, T9-10 9 vertebral collapse, T-6 complete block, T-6 10 absent rt T6-8 pedicles: paravercomplele block, T-3 tebral mass 11 no bone abnormalities; paraverpartial block, T-6 tebral mass 12 no bone abnormalities complete block, T-3 laminectomy, TI-5; bilat CTS at T-2 with acrylic graft laminectomy, T1 I-LI; It CTS at TI2-LI laminectomy, T6-10; It CTS at T8-9 laminectomy, C4-7; rt facetectomy, T2-4; excision of T-2 pedicle laminectomy, T3-6; rt CTS at T-5 laminectomy, T9-LI; bilat CTS at T9-LI; Harrington rod instrumentation & iliac bone fusion laminectomy, T4-9; It CTS at T-7 laminectomy, T7-12, rt CTS at T-10 laminectomy, T4-8; rt CTS at T-6 laminectomy, T2-10; rt CTS at T2-5 laminectomy, T5-7; It CTS at T-6 laminectomy, TI-5; rt CTS at T-3 *CTS =costotransversectomy.
It has been reported that plain radiographs of the spine will not show signs suggestive of the level of the lesion in 10% of patients with metastatic disease. 3 On routine spine radiographs, eight of our patients showed evidence of destructive bone changes: four of these had complete or partial vertebral collapse, and four had destruction of one or more vertebral pedicles (Table 2 ). Of the remaining four patients, one demonstrated osteoblastic metastases and three had no demonstrable bone changes on routine spine radiographs.
Clinically, the earliest presenting symptom appeared to be pain: localized spinal tenderness in 10 of the 12 patients, and/or radicular pain in six of the patients. In three patients with known primary malignancies, the onset of pain led to further investigations, including bone scans and skeletal surveys, to rule out metastatic bone involvement. Weakness or gait disturbance was the presenting complaint in all 12 patients. Only one patient was ambulatory prior to surgery. All 12 patients complained of subjective sensory disturbance, either paresthesias, numbness, or diminished sensation of voiding, and all showed some evidence of bowel and/ or bladder dysfunction. Prior to surgery, 10 patients suffered acute urinary retention, two patients incontinence, and seven decreased rectal tone.
Operative Treatment
Wide decompressive laminectomy was performed to expose the full extent of epidural tumor involvement. All patients had anterolaterat invasion by the tumor as a direct extension either of vertebral-body or pedicle destruction (nine cases), or from a paravertebral mass or primary epidural tumor (three cases). There was no intradural involvement. At the appropriate levels, anterolateral decompression was achieved by excision of a facet and pedicle to gain access to the ventral dura (Fig. 1) . This epidural approach markedly reduces the duration and stress of surgery as compared to the transthoracic approach, and avoids the great vessels and mediastinal contents. As is routine for all patients undergoing spinal surgery at this institution, the patients were placed in the semi-flexed 45 ~ prone oblique position, which allows the intrathoracic contents to fall away from the spinal axis by gravity. A midline incision was used, with bilateral subperiosteal dissection of the paraspinal muscles to achieve a wide bilateral exposure for laminectomy. Epidural and bone bleeding is easily controlled with hemostatic agents. A one-level modified costotransversectomy was required in five patients (Table 2) .
Two patients required intraoperative fusion, one with an acrylic graft and one with Harfington rod instrumentation and iliac bone fusion. Our indications for immediate stabilization include bilateral costotransversectomies with disruption of all posterior elements, multilevel vertebral body destruction, or significant spinal angulation. With these criteria, no patient developed postoperative instability or required a further operation for stabilization. All patients were placed in a Knight-Taylor spinal brace and were mobilized as soon as neurological function and postoperative pain would permit.
Results of Treatment
A summary of the pathological findings from the surgical specimens is given in Table I . There was no operative mortality. Three patients suffered postoperative complications. A superficial wound infection occurred secondary to wound breakdown in a previously irradiated patient, but responded to antibiotics and local wound care. One patient developed deep vein thrombosis which required heparinization. This patient was later found to have a postoperative hematoma which required evacuation, and went on to develop a pulmonary embolus and myocardial infarction which responded to vena caval ligation and appropriate medical management. Urinary tract sepsis occurred in a catheterized patient, who recovered following appropriate antibiotic treatment.
Brice and McKissock 3 devised the most rigid criteria for satisfactory results of any treatment modality for spinal tumors; ~4'7 they specified that a satisfactory outcome required that patients be able to walk and retain bladder control for 6 months postoperatively. Applying their criteria to our series, five patients had satisfactory results and two had an unsatisfactory outcome. Five patients died of their primary disease or a complication of its therapy between 8 and 12 weeks postoperatively. Of these five patients, three were ambulatory with bladder continence, and two could not walk. Only one patient was incontinent after surgery.
A summary of the patients' pre-and postoperative neurological status is given in Table 1 . The patients were classified by motor strength according to the classification of Brice and McKissock. 3 By that system, Grade I --mild weakness, but able to walk; Grade II = moderate weakness, able to move legs, but not against gravity; Grade III= severe weakness, slight residual motor and sensory function; and Grade IV = no motor, sensory, or sphincter function below the level of the lesion. In our series one patient presented in Grade I, seven in Grade lI, two in Grade III, and two in Grade IV. After surgical treatment, nine patients (75%) had improved neurologically. The other three patients (25%) showed no change in neurological function; one of these (in Grade III) was stable postoperatively, but deteriorated to Grade IV prior to his death 8 weeks later. Whereas one patient was ambulatory preoperatively, eight patients could walk postoperatively. None of the patients had functional bladder control preoperatively, and 10 patients were continent postoperatively.
Discussion
Epidural spinal cord compression occurs in approximately 5% of patients with metastatic systemic neoplasms. ~1~ Most metastatic tumors to the epidural space spread via a hematogenous route or as a direct extension from the vertebral bodies or pedicles."s:~ Metastatic epidural spinal cord tumors may extend directly into the posterior elements or cause bone destruction with direct extension into the epidural space, usually anterolateral to the cord. The occasional epidural or intradural tumor without bone abnormalities may arise via direct hematogenous spread. 2~
For many years it has been well demonstrated that the thoracic cord does not tolerate posterior decompression of a ventral lesion, such as a herniated thoracic disc. This is in sharp contrast to the reasonably good results with posterior decompression at the cervical level. It has been shown that the spinal canal is narrowest at the mid to lower thoracic level and that the vascular supply is least adequate at that level, the socalled "critical vascular zone of the spinal cord. ''5 It is not surprising, considering the anteriorly placed pathology, that posterior decompression alone would be ineffectual or would only offer temporary relief. Many of the earlier comparisons made between medical and surgical management of metastatic spinal lesions were based on the classical technique of posterior decompressive laminectomy alone. 8H-ls'~7'~8
In our department, the use of posterior decompression for metastatic thoracic spine disease has been interdicted for many years, and preference for the anterior decompression technique is stressed. No serial study was carried out here until the present series of patients, who were all operated on by one surgeon. Several authors have suggested approaches designed for anterior decompression; ~' 47"~' 2~ however, none of these approaches has gained widespread usage. Thoracic costotransversectomy was first described by Mrnard t6 in 1894 for drainage of tuberculous abscesses in patients with Pott's paraplegia. Various modifications of this procedure were developed for removal of ventral thoracic disc herniations. ~1-~3''~' 22 We have adopted the modification of costotransversectomy for the removal and decompression of anterolateral metastatic epidural tumors.
Several clinical factors have been identified that favor a satisfactory outcome from surgical decompression. Patients with incomplete paraplegia, intact sphincter function, a long duration of symptoms, and a gradual onset of compression had a better long-term prognosis. '7 Conversely, patients with complete paraplegia, loss of sphincter control, a short duration of symptoms, and sudden onset of compression tended to do less well. The histology of the primary tumor is probably the factor most directly related to a favorable outcome. The characterization of the aggressiveness of a tumor is prognostic, although evidence of diffuse or visceral metastases is not prognostic. 3 In our series, five of 12 patients died as a direct result of their primary tumor or the treatment of that primary tumor before the 6-month postoperative period. Of these five patients, three were neurologically improved and ambulatory with intact bladder function until their death. It should be noted that, with further advances in cancer therapy, these patients could also be considered satisfactory surgical results.
Patients who are ambulatory at the onset of therapy do well despite the treatment modality. 2'6'~7 In our study, only one patient was ambulatory prior to surgery. Following anterolateral decompression eight patients could walk, including one patient with only minimal motor and sensory function preoperatively. The status of sphincter function has also been reported as an indicator of surgical prognosis. 17 Patients with intact urinary function fare better than those with sphincter dysfunction. In our series, all 12 patients had alterations in urinary function: 10 patients had acute urinary retention, two patients had incontinence, and seven patients had decreased rectal tone. Following anterolateral decompression, 10 patients had return of urinary control.
In summary, if surgery for metastatic epidural neoplasia is indicated, then surgeons should direct their efforts to the anterior or anterolateral epidural tumor. It is our conclusion that anterolateral decompression by a modified costotransversectomy should be considered for patients who suffer continued neurological deterioration in spite of dexamethasone and radiation therapy, or for those whose tissue diagnosis indicates the need for surgical intervention. This approach offers several advantages, including 1) a posterior approach by a midline incision, offering the option of posterior fusion or instrumentation if necessary; 2) anterior decompression without the more extensive surgery involved in true anterior approaches to the spine; and 3) the hope of improved neurological function for the duration of a devastating medical illness.
